Background: Chemotherapy-induced oral thermal hyperalgesia (OTH) is a common and debilitating side effect of platinum-based anticancer agents. This study evaluated the efficacy of oral cryotherapy in preventing OTH during oxaliplatin chemotherapy infusion. Methods: Patients with gastrointestinal cancer treated with biweekly oxaliplatin (85 mg/m 2 over 120 minutes) at Abramson Cancer Center at the University of Pennsylvania were randomized to receive oral cryotherapy (ice chips) during oxaliplatin infusion or standard-of-care treatment. All patients completed baseline questionnaires regarding oral and peripheral symptoms and on-treatment questionnaires on day 1 of each subsequent chemotherapy cycle. Those in the treatment arm were asked to document how long they kept the ice chips in their mouths (0, ,30, 30, 60, 90, or 120 minutes) and to report their discomfort associated with oral cryotherapy. Evaluable patients were those who had completed at least 2 cycles of oxaliplatin therapy. Results: Of 62 randomized patients with a variety of gastrointestinal malignancies, 50 (25 per treatment arm) were evaluable for efficacy. The rate of patients with oral symptoms after the first treatment cycle was significantly lower in the intervention arm (n58; 32%) than in the control arm (n518; 72%), meeting the primary study objective (P5.01). The magnitude of difference in symptom scores before versus after the first treatment cycle was significantly less in the intervention versus control arm (P5.001). No difference in oral symptoms over time was seen between the intervention and control groups (P5.20), although a high attrition rate was noted. Duration of ice chip exposure was associated with improved oral symptoms over time (P5.02). Conclusions: Oral cryotherapy is a tolerable and cost-effective method of diminishing OTH in patients receiving oxaliplatin chemotherapy, and seems to be most effective in the early stages of treatment.
Background
Oxaliplatin is a commonly used chemotherapy for patients with gastrointestinal cancers.
1,2 A unique and common toxicity of oxaliplatin is oral thermal hyperalgesia (OTH), a form of acute neuropathy caused by disruption of voltage-gated Na 1 channels that leads to hyperexcitability of cold-sensing sensory nerves. [3] [4] [5] OTH is known to reduce quality of life, and no established strategies exist to prevent this toxicity. 4 Recently, it has been shown that cooling of anatomic areas during chemotherapy infusion can reduce toxicity to those regions, presumably because of local vasoconstriction. A randomized trial by Nangia et al 6 showed that the application of a "cold cap" during chemotherapy infusion reduced alopecia up to 50% in patients with breast cancer. In another trial by Hanai et al, 7 the application of a limb-cooling device to one hand during paclitaxel infusion reduced the development of peripheral neuropathy (PN) compared with the untreated hand. In addition, several clinical trials have shown that oral cryotherapy reduces mucositis in patients with cancer receiving 5-fluorouracil-based chemotherapy or high-dose melphalan before hematopoietic stem cell transplant. [8] [9] [10] We therefore hypothesized that oral cryotherapy delivered during oxaliplatin infusion would reduce the intensity and duration of OTH by limiting chemotherapy delivery to the oral mucosa.
Methods

Study Design
A single-institution, randomized, controlled trial was conducted to evaluate the efficacy of oral cryotherapy during oxaliplatin infusion as a preventive measure against OTH. Patients with gastrointestinal malignancies who were scheduled to receive full-dose oxaliplatincontaining chemotherapy for a minimum of 4 planned See JNCCN.org for supplemental online content.
cycles were assessed for eligibility. Patients who had received prior platinum therapy, had dentures, or had a chronic condition of the oral cavity, such as active herpes simplex infection or chronic dry mouth, were excluded. After informed consent was obtained and before oxaliplatin was started, patients were enrolled and randomized in a 1:1 allocation to either cryotherapy or control. On each treatment day, those randomized to the intervention arm were provided with ice chips continuously during each 120-minute oxaliplatin infusion and were asked to keep ice in their mouths as consistently as possible during this time. Subjects in the control arm were asked to avoid ingesting anything cooler than room temperature during oxaliplatin infusion. Baseline demographics and treatment histories were collected via review of the electronic medical record. Surveys derived from the validated Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) pain scale 11 addressing oral and peripheral symptoms were completed by all patients at baseline (cycle 1, day 1 before chemotherapy) and at every subsequent chemotherapy infusion (supplemental eAppendices 1 and 2, available with this article at JNCCN.org). Symptoms were scored using a 5-point Likert scale (1 5 no symptoms; 5 5 maximal symptoms). Oral symptoms were defined as oral sensations of prickling, burning, tingling, or pins and needles, either at baseline or induced by contact with cold foods or beverages. Peripheral symptoms were defined as sensations of prickling, burning, tingling, or pins and needles in the hands and feet.
Patients in the intervention arm were asked to log the length of time they were able to keep ice in their mouths (0, ,30, 30, 60, 90, or 120 minutes) and to rate their level of discomfort during this activity (not uncomfortable, mildly uncomfortable, somewhat uncomfortable, very uncomfortable, or severely uncomfortable). Provider documentation regarding any clinical evidence of mucositis or PN was recorded. Changes in oxaliplatin dosing or schedule and reasons for the changes were recorded. This trial was conducted at Abramson Cancer Center at the University of Pennsylvania and approved by the local Institutional Review Board.
Statistical Considerations
The primary end point was oral symptoms at cycle 2 (ie, after the first treatment cycle), because patients did not have oral symptoms at baseline before starting oxaliplatin. For each individual symptom question, scores ranged from 1 (no symptom) to 5 (maximal symptom). Presence of oral symptoms was scored as the summation of 6 individual oral symptom questions. Thus, a sum score of 6 indicated that the patient did not have oral symptoms after the first treatment cycle, whereas a sum score .6 reflected some level of oral symptoms. With 25 patients in each treatment arm, this study was designed to have 80% power to detect a decrease in the rate of patients with oral symptoms after the first treatment cycle from 80% in the control arm to 40% in the intervention arm by Fisher exact test using a 2-sided 5% type I error rate.
Baseline characteristics were summarized for each treatment arm. Continuous variables were summarized by mean, standard error, and range. Categorical variables were summarized by frequency and percentage. Continuous variables were compared between arms using Student t test, and categorical variables were compared using Fisher exact test.
At baseline, the symptom survey had 6 oral and 6 peripheral symptom questions (eAppendix 1). With a symptom score of 1 to 5 for each of the individual symptom questions, the possible range for the symptom sum score at baseline was 6 to 30; sum scores were computed separately for oral and peripheral symptoms. For treatment cycles 1 to 12, the symptom survey had 7 oral and 6 peripheral symptom questions (eAppendix 2). Possible ranges for the symptom sum score were 7 to 35 for oral symptoms and 6 to 30 for peripheral symptoms. To compare baseline with cycle 2 (ie, after the first treatment cycle), the oral sum score was derived on the same 6 oral symptom questions asked at baseline. The difference in symptom sum scores between baseline and cycle 2 was calculated and compared between treatment arms using the Student t test. The difference in symptom scores between baseline and cycle 2 was also calculated for each individual symptom. These differences ranged from 23 (ie, better symptoms at cycle 2) to 4 (ie, worse symptoms at cycle 2). Differences were compared between treatment arms using Wilcoxon rank-sum test. To model trends over time in symptoms reported at treatment cycles 1 to 12, the oral sum score was the summation of all 7 oral symptom questions. To account for within-subject correlation in longitudinal symptom scores, a linear mixed effects model was used to examine trends over time in oral and peripheral symptom sum scores using the mixed command in STATA, version 15 (StataCorp LP). The impact of treatment arm (ie, time-by-treatment interaction) was tested using a likelihood ratio test, and the impact of ice duration (a 6-level ordinal covariate) on oral and peripheral symptom sum scores over time was assessed using a linear mixed effects model based on data from the intervention arm.
All P values were 2-sided, and P,.05 was considered statistically significant. No adjustment was made for multiple testing of the individual oral and peripheral symptom scores. All analyses were performed using either SPSS Statistics, version 25 (IBM Corporation) or STATA, version 15.
Results
Patient Recruitment and Characteristics
A total of 65 patients were assessed for eligibility. Two patients refused to participate and a third was ineligible. Of the 62 patients randomized, 12 were nonevaluable because of discontinuation of platinum therapy before cycle 2 (n52), death (n52), withdrawal of consent due to intolerance of cryotherapy (n51), or withdrawal of consent for other reasons (n57). The remaining 50 patients were included in the final analysis (Figure 1 ). Between cycles 2 and 12 of therapy, patient attrition occurred due to various chemotherapy-or cancerrelated reasons (supplemental eTable 1).
Baseline demographics of the evaluable patients are displayed in Table 1 . Patients in the intervention arm had a mean age of 60.2 years (range, 33-76 years) and were predominantly men (56%). Most had a diagnosis of colorectal cancer (52%), followed by pancreatic (32%), gastric (8%), small bowel (4%), and other cancers (4%). Patients in the control arm had a mean age of 58.40 years (range, 35-79 years) and were predominantly men (64%). The most common malignancy was colorectal cancer (44%), followed by pancreatic (20%), other (20%), esophageal (8%), and gastric cancers (8%). In the intervention group, 40% of patients were receiving chemotherapy in the palliative setting, and 60% were receiving therapy in the neoadjuvant or adjuvant setting. In the control group, 60% were receiving treatment in the palliative setting, and 40%
were receiving therapy in the neoadjuvant or adjuvant setting. In the intervention arm, 28% had received prior chemotherapy versus 12% in the control group. Most patients in both groups (76% and 72%, respectively) did not carry a diagnosis of diabetes mellitus. Oxaliplatin was reduced in 2 of the 50 patients (both in the intervention arm) and therefore was not considered a confounding factor.
Oral Cold Sensitivity
At baseline, none of the patients in either treatment arm reported any ongoing oral symptoms. Thus, sum scores were 6.0 for all patients ( Table 1) . The rate of patients with oral symptoms (sum score .6.0) after the first treatment cycle was significantly lower in the intervention arm (n58; 32%) than in the control arm (n518; 72%), meeting the primary study objective (Fisher exact test, P5.01). When examining the magnitude of difference between baseline and cycle 2 for oral symptom sum scores, we observed that patients in the intervention group had statistically significantly fewer oral symptoms than those in the control group (mean 6 SE, 1.12 6 0.38 vs 4.80 6 0.88; P5.001) ( Table 2) . Although both groups reported the presence of oral sensations (oral question 1; P5.127), the intervention group reported statistically significantly less exacerbation of symptoms with oral cold exposure (oral question 2; P5.001), less difficulty in eating and drinking cold items (oral question 3; P,.001), less difficulty eating and drinking overall (oral question 4; P5.001), less negative effect on quality of life due to oral symptoms (oral question 5; P,.001), and shorter duration of oral symptoms (oral question 6; P5.006) (supplemental eTable 2). Sum scores of oral symptoms over time were compared between treatment arms. Although oral symptom scores seemed to increase over time in the control arm and plateau in the intervention arm, no significant difference was detected (P5.20) (Figure 2A ). Power to detect longitudinal differences was likely reduced because of high attrition in later cycles. 
Peripheral Neuropathy
At baseline, no statistically significant difference in PN symptoms was seen between the arms, although a trend toward more severe baseline peripheral symptoms was observed in the intervention arm compared with the control arm (mean 6 SE, 7.60 6 0.81 vs 6.04 6 0.04; P5.067) ( Table 1 ). When the difference in peripheral symptom sum scores between baseline and cycle 2 was compared in the treatment arms, we observed that patients in the intervention group had statistically significantly fewer peripheral symptoms than those in the control group (mean 6 SE, 0.04 6 0.65 vs 3.28 6 0.66; P5.001) ( Table 2 ). All 5 patients in the intervention arm who had peripheral symptoms at baseline had improvement at cycle 2, with cycle 2 decreases in sum scores of 1 to 9 points. Patients in the intervention arm reported fewer sensations of prickling, burning, or pins and needles (PN question 1; P5.006), less sensitivity to touch (PN question 2; P5.008), less impact of symptoms on work or recreational activities (PN question 3; P5.006), less impact on quality of life (PN question 4; P5.044), shorter duration of symptoms (PN question 5; P5.001), and fewer worsening symptoms overall (PN question 6: P5.012) (supplemental eTable 2). Sum scores of peripheral symptoms over time were compared between treatment arms, and no difference was detected (P5.90) ( Figure 2B ).
Effect of Ice Duration on Oral Symptoms
Patients in the intervention arm were asked to record the length of ice chip exposure at each cycle via a provided time chart. Length of exposure was categorized as 0, ,30, 30, 60, 90, or 120 minutes. At completion of the first infusion, 12 (48%), 1 (4%), and 5 patients (20%) kept the ice chips in their mouths for 120, 90, and 60 minutes, respectively. At completion of the second cycle, fewer patients had completed 120 minutes of ice exposure; 8 (32%), 1 (4%), and 9 patients (36%) kept the ice chips in their mouths for 120, 90, and 60 minutes, respectively. Longer ice duration at each cycle was associated with a reduction in oral symptom sum score over time (P5.02) (Figure 3 ).
Discussion
We hypothesized that using oral cryotherapy during infusion with oxaliplatin might limit OTH, a common and troublesome toxicity of this agent. To that end, we randomly assigned patients in a 1:1 fashion to receive either oral cryotherapy (ice chips) during their 120-minute oxaliplatin infusion or no cryotherapy. Patients were assessed for oral and PN symptoms via serial surveys at baseline and each subsequent chemotherapy cycle, and those in the intervention arm were asked to record how long they used cryotherapy and to rate their level of discomfort during use (supplemental eAppendices 1 and 2). Our findings reveal that between baseline and cycle 2 of oxaliplatin chemotherapy, patients who received oral cryotherapy had a statistically significant reduction in OTH, including severity and duration of symptoms, although this effect seemed to diminish over time.
Patients who completed at least 2 chemotherapy cycles containing oxaliplatin were considered evaluable for efficacy, and participants were followed for a maximum of 12 cycles. Over time, there was substantial attrition as patients discontinued oxaliplatin for a variety of reasons, including chemotherapy toxicity, completion of planned chemotherapy, or disease progression. Therefore, the ability to make comparisons between the intervention and control groups longitudinally was limited by increasingly smaller numbers of patients. Although there may have been continued benefit over time for the individual patients who remained on therapy, we did not observe a statistically significant difference in oral symptoms between arms after cycle 2.
Interestingly, we also observed a self-reported significant reduction in PN in the intervention arm between baseline and cycle 2 of treatment. A possible and intriguing explanation for this finding relates to a recent study by Onitsuka et al, 12 in which 8 healthy individuals ingested either a thermoneutral drink or ice slurry for 5 minutes while undergoing rectal, skin, and brain temperature measurements, with the latter measured via proton MR spectroscopy. After only 5 minutes of oral ice exposure, brain and rectal temperatures both decreased significantly. 12 It seems reasonable to hypothesize, therefore, that oral cooling with ice exposure might lower the core temperature and result in secondary peripheral vasoconstriction. If this were the case, chemotherapyinduced PN could theoretically be reduced by oral exposure to ice during treatment. Alternatively, the corelation of OTH and PN may be a result of a lowered nociceptive threshold due to hypersensitivity. 13 We must also consider that patients in our intervention arm may have experienced at least a degree of placebo effect and that this may have affected reporting of both oral and peripheral symptoms. In this particular setting, conducting a blinded study was not feasible. To further address the issue of possible placebo effect, future studies should be designed to include objective markers, such as temperature changes of the core, skin, and oral mucosa of patients in both groups. Comparing objective changes in temperatures with subjective symptom reduction reporting could further clarify this issue.
Conclusions
Results of our study show that oral cryotherapy during oxaliplatin infusion has the potential to reduce OTH and PN symptoms caused by this chemotherapy, at least during early cycles of treatment. Reduction in OTH has the potential to improve the quality of life in patients undergoing oxaliplatin treatment. 
